(19) 


(12) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 


(11) 


EP 1 263 052 A2 


EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 


(43) Date of publication: 

(51) mtci 7 : H01L 29/737 

04.1 2.2002 Bulletin 2002/49 


(86) International application number: 

(21) Application number: 01932237.9 

i \s 1 / «J r U l/UHO'H 

(22) Date of filing: 23.05.2001 

(87) International publication number: 


WO 01/091 162 (29.11.2001 Gazette 2001/48) 

(84) Designated Contracting States: 

• OHNISHI,Teruhito 

AT BE CH CY DE DK ES F1 FR GB GR IE IT LI LU 

Hirakata-shi, Osaka 573-0049 (JP) 

MCNLPTSETR 

• TAKAGI, Takeshi 


Kyoto-shi, Kyoto 616-8182 (JP) 

(30) Priority: 23.05.2000 JP 2000151044 



(74) Representative: Grunecker, Kinkeldey, 

(71) Applicant: MATSUSHITA ELECTRIC INDUSTRIAL 

Stockmair & Schwanhausser Anwaltssozietat 

CO., LTD. 

Maximilianstrasse 58 

Kadoma-shi, Osaka 571-8501 (JP) 

80538 Miinchen (DE) 

(72) Inventors: 


• ASAI, Akira 


Osaka-shi, Osaka 543-0001 (JP) 



(54) BIPOLAR TRANSISTOR AND METHOD OF MANUFACTURE THEREOF 


(57) A SiGe spacer layer 151 , a graded SiGe base 
layer 152 including boron, and an Si-cap layer 153 are 
sequentially grown through epitaxial growth over a col- 
lector layer 1 02 on an Si substrate. A second deposited 
oxide film 112 having a base opening portion 118 and a 
P+ polysilicon layer 1 1 5 that will be made into an emitter 
connecting electrode filling the base opening portion are 


formed on the Si-cap layer 1 53, and an emitter diffusion 
layer 153a is formed by diffusing phosphorus into the 
Si-cap layer 153. When the Si-cap layer 153 is grown, 
by allowing the Si-cap layer 153 to include boron only 
at the upper part thereof by in-situ doping, the width of 
a depletion layer 154 is narrowed and a recombination 
current is reduced, thereby making it possible to im- 
prove the linearity of the current characteristics. 
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Description 
Technical Field 

[0001] The present invention relates to a hetero junc- 
tion type bipolar transistor and a fabrication method 
thereof, and more particularly to a measure to improve 
a linearity of current characteristics. 

Background Art 

[0002] Recently, the development has been advanc- 
ing at a high pitch for a hetero bipolar transistor (HBT) 
that realizes an operation at a high frequency region with 
better conduction characteristics conferred by incorpo- 
rating a hetero junction structure, such as Si/SiGe and 
Si/SiC, into a bipolar transistor fabricated on a silicon 
substrate. The HBT uses an Si/SiGe hetero junction 
structure obtained by allowing epitaxial growth of an 
SiGe layer on an Si substrate, so that it realizes a tran- 
sistor operating at a high frequency region at which a 
conventional transistor cannot operate unless it uses a 
compound semiconductor substrate, such as GaAs. 
The HBT is made of materials having a good affinity for 
a general silicon process, such as an Si substrate and 
an SiGe layer, which provides remarkable advantages 
in achieving high integration and a low cost. In particular, 
integrating an HBT and a MOS transistor (MOSFET) by 
forming the both on a common Si substrate makes it 
possible to fabricate a high-performance BiCMOS de- 
vice. Moreover, the BiCMOS device is expected to serve 
as a system LSI applicable to communication systems. 
[0003] FIG. 10 is a cross section showing a structure 
of a conventional HBT. As is shown in the drawing, a top 
portion of an Si substrate 500 having a (001 ) plane forms 
a retrograde well 501 with a depth of 1 ujn including an 
N-type impurity, such as phosphorous, introduced by 
the epitaxial growth method, ion implantation method, 
etc. Also, for the isolation, provided are a shallow trench 
503 filled with silicon oxide and a deep trench 504 
formed from an undoped polysilicon film 505 and a sili- 
con dioxide film 506 surrounding the same. The trench- 
es 503 and 504 have depths of approximately 0.35 jj.m 
and 2 jam, respectively. 

[0004] Also, a collector layer 502 is provided in the Si 
substrate 500 at a region sandwiched by the trenches 
503, and an N+ collector connecting layer 507 is provid- 
ed in the Si substrate 500 at a region separated from 
the collector layer 502 by the shallow trench 503 for es- 
tablishing a contact with an electrode of the collector lay- 
er 502 through the retrograde well 501. 
[0005] Also, a first deposited oxide film 508 with a 
thickness of approximately 30 nm having a collector 
opening portion 510 is formed on the Si substrate 500, 
and an Si/Si 1 . Jt Ge x layer 511 is formed by depositing an 
Sii.*Ge A layer doped with a P-type impurity with a thick- 
ness of approximately 60 nm and an Si film with a thick- 
ness of approximately 10 nm on the top surface of the 


Si substrate 500 at a portion exposed to the collector 
opening portion 510. The bottom portion of the Si/ 
Si^Ge* layer 511 at the center thereof (a region below 
a base opening portion 518, which will be described be- 

5 low) functions as an intrinsic base 519. On the other 
hand, the top portion of the Si/Si^Ge^ layer 511 at the 
center thereof functions as an emitter layer. 
[0006] A second deposited oxide film 512 with a thick- 
ness of approximately 30 nm to serve as an etch stopper 

10 is provided on the Si/Si 1 . x Ge x layer 511 and the first de- 
posited oxide film 508, and the second deposited oxide 
film 51 2 is provided with a base junction opening portion 
51 4 and a base opening portion 51 8. Provided next are 
a P+ polysilicon layer 515 with a thickness of approxi- 

'5 mately 1 50 nm that fills in the base junction opening por- 
tion 514 and extends over the second deposited oxide 
film 512, and a third deposited oxide film 51 7. An extrin- 
sic base 51 6 is constructed by the Si/Si^Ge^ layer 511 
except for the region below the base opening portion 

so 518 and the P+ polysilicon layer 515. 

[0007] Also, the P+ polysilicon layer 51 5 and the third 
deposited oxide film 517 are opened at portions posi- 
tioned above the base opening portion 518 in the sec- 
ond deposited oxide film 512, and a fourth deposited ox- 

25 jde film 520 with a thickness of approximately 30 nm is 
formed on the side surface of the P+ polysilicon layer 
515. Further, a sidewall 521 made of polysilicon with a 
thickness of approximately 100 nm is provided on the 
fourth deposited oxide film 520. Then, an N+ polysilicon 

30 layer 529 is provided to fill the base opening portion 518 
and to extend over the third deposited oxide film 517, 
and the N+ polysilicon layer 529 thus functions as an 
emitter connecting electrode. The fourth deposited ox- 
ide film 520 not only electrically isolates the P+ polysil- 

35 icon layer 51 5 from the N+ polysilicon layer 529, but also 
prevents out-diffusion of the impurity from the P+ poly- 
silicon layer 515 into the N+ polysilicon layer 529. Also, 
the third deposited oxide film 5 1 7 electrically isolates the 
top surface of the P+ polysilicon layer 515 from the N+ 

40 polysilicon layer 529. 

[0008] Further a Ti silicide layer 524 is formed on the 
surfaces of the collector connecting layer 507, P+ poly- 
silicon layer 515, and N+ polysilicon layer 529, and the 
outside sidewalls of the N+ polysilicon layer 529 and the 

^5 p+ polysilicon layer 51 5 are covered with a sidewall 523. 
The entire substrate is covered with an inter-layer insu- 
lator film 525, through which contact holes that respec- 
tively reach the Ti silicide layer 524 formed on the N+ 
collector connecting layer 507, P+ polysilicon layer 515 

50 as a part of the extrinsic base, and N+ polysilicon layer 
529 functioning as the emitter connecting electrode are 
provided. Then, each contact hole is filled with a W plug 
526 and is provided with a metal wiring 527 connected 
to the W plug 526 and extending over the inter-layer in- 

55 sulaiorfilm 525. 
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Problems to be Solved 

[0009] However the above-discussed conventional 
HBT or SiGe-BiCMOS has problems as follows. 
[0010] FIG.' 11 (a) is a view showing dependencies of 
a base current and a collector current on a base-emitter 
voltage, that is, so-called Gummel characteristics of the 
conventional HBT. In the drawing, the horizontal axis 
represents the base-emitter voltage (V), and the vertical 
axis represents the base current or collector current (A) 
(logarithmic scales). As is shown in the drawing, the par- 
allel relation between the collector current characteris- 
tics curve and the base current characteristics curve is 
lost at a low base-emitter voltage region, and there is 
an excessive base current. In short, there is an incon- 
venience that the linearity of the current characteristics 
is deteriorated in the low bias region of the HBT. 
[0011] Causes of such an inconvenience are 
checked, and one of the causes is found to be a recom- 
bination current generated excessively at a region un- 
derneath the second deposited oxide film 112 in the Si 
layer. It is assumed that such an excessive recombina- 
tion current is generated because a depletion layer at 
the pn junction region in the Si layer is not formed in a 
satisfactory shape. 

[0012] FIGS. 12(a) and 12(b) are an enlarged partial 
cross section showing an emitter-base junction region 
in the conventional HBT, and a doping profile of boron 
along a cross section in the vicinity of the emitter-base 
junction region, respectively. As shown in FIG. 12(a) : the 
Si/Si Vx Ge x layer 511 is formed by sequentially deposit- 
ing an undoped SiGe spacer layer 551 with a Ge content 
of 1 5%, a P-type graded SiGe base layer 552 including 
boron at a high concentration with a Ge content contin- 
uously changing from 1 5% at the lower end to 0% at the 
upper end, and an undoped Si-cap layer 553. The Si- 
cap layer 553 is provided with an N -type emitter diffusion 
layer 553a formed by introducing phosphorous out-dif- 
fused from the N+ polysilicon layer 529 (emitter con- 
necting electrode) at a high concentration at a region 
directly below the base opening portion 518 and in con- 
tact with the N+ polysilicon layer 529. Then, a peripheral 
layer 553b (especially, the bottom portion) of the Si-cap 
layer 511 surrounding the emitter diffusion layer 553a 
includes boron out-diffused from the graded SiGe layer 
552, which makes the peripheral layer 553b into the P- 
lype. Hence, there is a pn junction region between the 
emitter diffusion layer 553a and the peripheral layer 
553b in the Si-cap layer 551 , and a depletion layer 554 
expands along the both sides of the metallurgical pn 
junction interface in the pn junction region. At this point, 
the depletion layer 554 has a broader width in the upper 
part of the Si-cap layer 551 . Hence, a recombination cur- 
rent generated from carriers recombined within the de- 
pletion layer 554 increases., which is assumed to cause 
deterioration in the linearity of the current characteristics 
as shown in FIG. 11 (a). 

[0013] According to Physics of Semiconductor Devic- 


es, S.M.S^e, John Wiley & Sons, Inc., 1 981 , pp. 89-94, 
the recombination current Irec is expressed as: 

5 !rec= Sf q ■ U • dx (x = 0 to W), 

where S is the area of the pn junction, W is the depletion 
layer width, U is a recombination rate, and q is the ele- 
mental charge. 

10 [0014] Here, the recombination rate U is determined 
by parameters of deep level traps in the depletion layer, 
such as densities at deep level traps, depths of the lev- 
els of the traps, the capture cross sections of the traps, 
and so on. The above expression indicates that a re- 

15 combination current increases as the width of the deple- 
tion layer (a distance from the first depletion layer end 
to the second depletion layer end) broadens, because 
deep level traps in the depletion region between a first 
depletion layer edge and a second depletion layer edge 

20 jn FIG. 12(a) work as recombination centers. 

[0015] In other words, as shown in FIG. 1 2(a), accord- 
ing to the conventional bipolar transistor discussed 
above, it is assumed that the recombination current Irec 
increases because the depletion region 554 becomes 

25 wider particularly in the upper part of the Si-cap layer 
551. 

[0016] In view of the foregoing, the present invention 
has an object to provide a bipolar transistor having a 
satisfactory linearity of the current characteristics and a 
30 fabrication method thereof by taking a means to improve 
a doping profile of an impurity in the Si-cap layer in the 
HBT. 


35 


45 


50 


Disclosure of the invention 

[0017] In order to reduce the recombination current 
Irec by reducing the width of the depletion layer, the 
present invention takes means as follows. 
[0018] A bipolar transistor of the present invention in- 
cludes: a first semiconductor layer to be a collector layer 
formed on a substrate and including an impurity of a first 
conductive type; a second semiconductor layer to be a 
base layer formed on the first semiconductor layer and 
including an impurity of a second conductive type; athird 
semiconductor layer formed on the second semicon- 
ductor layer from a material having a bandgap different 
Trom a bandgap of the second semiconductor layer; an 
insulator film provided on the third semiconductor layer; 
an opening portion formed through the insulator film to 
reach the third semiconductor layer; and an emittercon- 
necting electrode made of a conductor material and 
brought into contact with the third semiconductor layer 
by filling the opening portion in the insulatorf ilm, wherein 
the third semiconductor layer includes an emitter diffu- 
sion layer of the first conductive type positioned below 
the opening portion, and a peripherall ayer including the__ 
impurity oft h e s eco n d _ con duct :iye_ type a Qeast^ i n^ a n up^_ 
per part thereof at a region located at a side of the emit- 
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ter diffusion layer 

[0019] Accordingly, the pn junction portion is formed 
between the emitter diffusion layer including the impurity 
of the first conductive type at a high concentration and 
the third semiconductor layer including the impurity of 5 
the second conductive type at a high concentration in 
the upper part of the third semiconductor layer. Hence, 
the width of the depletion layer formed at the pn junction 
is narrowed, and a quantity of carriers recombined with- 
in the depletion layer is reduced. Consequently, be- 10 
cause the recombination current is reduced, the linearity 
of the current characteristics in a hetero junction type 
bipolar transistor is improved. 

[0020] It may be arranged in such a manner that the 
insulator film is formed from a silicon dioxide film doped ' 5 
with the impurity of the second conductive type, and the 
impurity of the second conductive type included in at 
least a part of the upper part of the third semiconductor 
layer is the impurity of the second conductive type out- 
diffused from the insulator film. 20 
[0021] It may be arranged in such a manner so as to 
further include a polysilicon film, doped with the impurity 
of the second conductive type and provided so as to 
contact the third semiconductor layer at a portion out- 
side of the underlying insulator film and to extend over 25 
the insulator film, for functioning as a base connecting 
electrode, so that the impurity of the second conductive 
type included in at least a part of the upper part of the 
third semiconductor layer is the impurity of the second 
conductive type out-diffused from the polysilicon film by 30 
passing through the insulator film. 
[0022] By arranging in such a manner that the impurity 
of the first conductive type in the emitter diffusion layer 
of the third semiconductor layer is the impurity of the 
first conductive type out-diffused from the emitter con- 35 
necting electrode, it is possible to obtain an emitter dif- 
fusion layer using inversion of the conductive types in 
the third semiconductor layer 

[0023] By arranging in such a manner that: the sub- 
strate is a silicon substrate; the first semiconductor layer 40 
\ . ., ; is an Si layer; the second semiconductor layer is an 
SiGe layer or an SiGeC layer; and the third semicon- 
ductor layer is an Si layer, it is possible to obtain an 
SiGe-HBT that can be readily fabricated by using the Si 
process. 45 
[0024] A first bipolar transistor of the present inven- 
tion includes: a step (a) of forming a second semicon- 
ductor layer to be a base layer including a second con- 
ductive type impurity on a first semiconductor layer that 
is formed on a substrate to be a collector layer including 50 
a first conductive type impurity; a step (b) of forming, on 
the second semiconductor layer, a third semiconductor 
layer, including the second conductive type impurity at 
least at an upper part thereof, through epitaxial growth 
from a material having a bandgap different from a band- 55 
gap of the second semiconductor layer; a step (c) of de- 
positing an insulator film on the substrate after the step 
(b); a step (d) of forming an opening portion through the 
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insulator film to reach the third semiconductor layer: and 
a step (e) of forming an emitter diffusion layer in the third 
semiconductor layer at a region below the opening por- 
tion by introducing the first conductive type impurity. 
[0025] According to this method, it is possible to con- 
trol a concentration of the second conductive type im- 
purity doped into the upper part of the third semiconduc- 
tor layer at a relatively high accuracy by conducting in- 
situ doping in the third semiconductor layer. 
[0026] A second fabrication method of a bipolar tran- 
sistor of the present invention includes: a step (a) of 
forming a second semiconductor layer to be a base layer 
including a second conductive type impurity on a first 
semiconductor layer that is formed on a substrate to be 
a collector layer including a first conductive type impu- 
rity; a step (b) of forming, on the second semiconductor 
layer, a third semiconductor layer through epitaxial 
growth from a material having a bandgap different from 
a bandgap of the second semiconductor layer; a step 
(c) of depositing an insulator film including the second 
conductive type impurity on the substrate after the step 
(b); a step (d) of forming an opening portion through the 
insutatorfilm to reach the third semiconductor layer; and 
a step (c) of forming an emitter diffusion layer in the third 
semiconductor layer at a region below the opening por- 
tion by introducing the first conductive type impurity, so 
that the second conductive type impurity is doped into 
an upper part of the third semiconductor layer from the 
insulator film by treatments after the step (c). 
[0027] According to this method, it is possible to dope 
the second conductive type impurity into the upper part 
of the third semiconductor layer by relatively simple 
steps. 

[0028] A third fabrication method of a bipolar transis- 
tor of the present invention includes: a step (a) of form- 
ing a second semiconductor layer to be a base layer in- 
cluding a second conductive type impurity on a first sem- 
iconductor layer that is formed on a substrate to be a 
collector layer including a first conductive type impurity; 
a step (b) of forming, on the second semiconductor lay- 
er, a third semiconductor layer through epitaxial growth 
from a material having a bandgap different from a band- 
gap of the second semiconductor layer; a step (c) of de- 
positing an insulator film on the substrate after the step 
(b); a step (d) of depositing a conductor film including 
the second conductive type impurity on the substrate 
and forming an opening portion through the conductor 
film to reach the insulator film; a step (e) of forming a 
sidewall made of an insulating material for covering a 
side surface of the opening portion in the first conductor 
film; a step (f) of forming an opening portion through the 
insulator film to reach the third semiconductor layer after 
the step (e); and a step (g) of forming an emitter diffusion 
layer in the third semiconductor layer at a region located 
below the opening portion by introducing the first con- 
ductive type impurity, so that the second conductive type 
impurity is doped into an upper part of the third semi- 
conductor layer from the conductor film by passing 
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through the insulator film by treatments after the step 
(d). 

[0029] According to this method, it is possible to dope 
the second conductive type impurity into the upper part 
of the third semiconductor layer only at a region exclud- 5 
ing a region that will be made into an emitter diffusion 
layer. Hence ; a concentration of the second conductive 
type impurity can be set as desired regardless of a con- 
centration of the first conductive type impurity in the 
emitter diffusion layer. 10 
[0030] By further including, after the step (f) and be- 
fore the step (g), a step of depositing, on the substrate, 
another conductor film different from the above conduc- 
tor film, and then patterning this another conductor film 
to form an emitter connecting electrode including the '5 
first conductive type impurity in such a manner so as to 
fill in the opening portion in the insulator film and to ex- 
tend over the insulator film, it is possible to fabricate an 
HBT by using the double-polysilicon sequence. 


20 


Brief Description of the Drawings 


[0031] 


FIG. 1 is a cross section showing a structure of an 25 
SiGe-HBT as a basic example of the present inven- 
tion. 

FIGS. 2(a) and 2(b) are an enlarged partial cross 
section showing an emitter-base junction of FIG. 1 , 
and a view showing a doping profile of boron along 30 
a cross section in the vicinity of the emitter-base 
junction, respectively. 

FIGS. 3(a) and 3(b) are cross sections showing 
steps of forming an Si/Si^Ge* layer at a collector 
opening portion during the fabrication sequence of 35 
a semiconductor device according to a first embod- 
iment. 

FIGS. 4(a) and 4(b) are cross sections showing the 
step of forming a base opening portion through a 
P+ polysilicon layer during the fabrication sequence 40 
of the semiconductor device according to the first 
embodiment. 

FIGS. 5(a) and 5(b) are cross sections showing the 
step of forming an N+- polysilicon layer at the base 
opening portion during the fabrication sequence of 45 
the semiconductor device according to the first em- 
bodiment. 

FIGS. 6(a) and 6(b) are cross sections showing the 
step of patterning P+ polysilicon during the fabrica- 
tion sequence of the semiconductor device accord- 5 ° 
ing to the first embodiment. 

FIGS. 7(a) and 7(b) arc views showing the fabrica- 
tion sequence according to the first embodiment, 
which are an enlarged partial cross section showing 
a structure of an emitter-base junction in the step 55 
shown in FIG. 3(b), and a view showing a doping 
profile of boron along the cross section, respective- 
ly. 


FIGS. 8(a) and 8(b) are views showing the fabrica- 
tion sequence according to a second embodiment, 
which are an enlarged partial cross section showing 
a structure of an emitter-base junction in the step 
shown in FIG. 4(a), and a view showing a doping 
profile of boron along the cross section, respective- 
ly- 

FIGS. 9(a) and 9(b) are views showing the fabrica- 
tion sequence according to a third embodiment, 
which are an enlarged partial cross section showing 
a structure of an emitter-base junction in the step 
shown in FIG. 4(a), and a view showing a doping 
profile of boron along the cross section , respective- 
ly. 

FIG. 10 is a cross section showing a structure of a 
conventional HBT. 

FIGS. 11(a) and 11(b) are views showing depend- 
encies of a base current and a collector current on 
a base-emitter voltage of a conventional bipolar 
transistor and of an HBT fabricated according to the 
third embodiment of the present invention, respec- 
tively. 

FIGS. 1 2(a) and 1 2(b) are an enlarged partial cross 
section showing an cmittcr-basc junction in a con- 
ventional HBT and a view showing a doping profile 
of boron along a cross section in the vicinity of the 
emitter-base junction, respectively. 
FIG. 13 is a cross section showing an arrangement 
of a bipolar transistor as a semiconductor device 
fabricated according to a modified example of the 
basic structure of the present invention. 

Best Mode for Carrying Out the Invention 

[0032] FIG. 1 is a cross section showing a structure 
of an SiGe-HBT, which is a basic example of the present 
invention. 

[0033] As shown in the drawing, a top portion of an Si 
substrate 100 having a (001) plane forms a retrograde 
well 1 01 with a depth of 1 urn including an N-type impu- 
rity, such as phosphorous, introduced by the epitaxial 
growth method, ion implantation method, etc. A conc^n 
tration of the N-type impurity at a region in the vicinity 
of the surface of the Si substrate 100 is arranged to be 
approximately 1 /■ 10 17 atoms - cm* 3 . Also, for the iso- 
lation, provided are a shallow trench 103 filled with sili- 
con oxide and a deep trench 104 formed from an un- 
doped polysilicon film 105 and a silicon dioxide film 106 
surrounding the same. The trenches 1 03 and 1 04 have 
depths of approximately 0.35 ujti and 2 u.m, respectively. 
[0034] Also, a collector layer 102 is provided in the Si 
substrate 100 at a region sandwiched by the trenches 
1 03, and an N+ collector connecting layer 1 07 is provid- 
ed in the Si substrate 100 at a region separated from 
the collector layer 1 02 by the shallow trench 1 03 for es- 
tablishing a contact with an electrode of the collector lay- 
er 1 02 through the retrograde well 101 . 
[0035] Also, a first deposited oxide film 108 with a 
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thickness of approximately 30 nm having a collector 
opening portion 110 is formed on the Si substrate 100, 
and an Si/Si^Ge* layer 111. formed by depositing an 
Si^Ge,, layer doped with a P-type impurity with a thick- 
ness of approximately 80 nm and an Si film with a thick- 
ness of approximately 40 nm : is formed on the top sur- 
face of the Si substrate 100 at a portion exposed to the 
collector opening portion 1 1 0. The Si/Si 1 . x Ge x layer 1 1 1 
is formed on the Si substrate 100 by selective growth 
only at a portion exposed to the collector opening portion 
110. The bottom portion of the Si/Si«,. x Ge x layer 111 at 
the center thereof (a region below a base opening por- 
tion 118, which will be described below) functions as an 
intrinsic base 119. On the other hand, the top portion of 
the Si/Si.,. x Ge x layer 1 1 1 at the center thereof functions 
as an emitter layer. The structure of the Si/Si^Gejj layer 
111 will be described more in detail below. Also, an ex- 
trinsic base implantation region Rii is formed by ion im- 
plantation of boron across the surface portions of the Si/ 
Si^Gex layer 111 and the retrograde well 101 , and as 
a part of the extrinsic base implantation region Rii, a 
junction leakage preventing layer 113 is formed on the 
surface portion of the retrograde well 101 at a concen- 
tration of approximately 3 >: 10 17 atoms • cm 3 . 
[0036] A second deposited oxide film 112 with a thick- 
ness of approximately 30 nm to serve as an etch stopper 
is provided on the Si/Si^Gex layer 1 1 1 and the first de- 
posited oxide film 1 08, and the second deposited oxide 
film 11 2 is provided with a base junction opening portion 
1 1 4 and a base opening portion 1 1 8. Provided are a P+ 
polysilicon layer 115 with a thickness of approximately 
1 50 nm that fills in the base junction opening portion 1 1 4 
and extends over the second deposited oxide film 112, 
and a third deposited oxide film 117 . An extrinsic base 
j[16 is formed from the Si /Si n . x G e x layerj 11 except for_ 
the region below Jhe base~ojpening portion 1 1 8_and I the 
P+ polysilicon layer 115. 

[0037] Also, the P+ polysilicon layer 1 1 5 and the third 
deposited oxide film 117 are opened at portions posi- 
tioned above the base opening portion 1 1 8 in the second 
deposited oxide film 112, and a fourth deposited oxide 
film 120 with a thickness of approximately 30 nm is 
formed on the side surface of the P+ polysilicon layer 
115. Further, a sidewall 121 made of polysilicon with a 
thickness of approximately 100 nm is provided on the 
fourth deposited oxide film 1 20. Then, a n N+ polysilico n 
jayer 1 29 i s provided so as to fill t herbage opening ppr- 
t i on JL18 a nd to extend oy er the third deposited oxjp e 
film 117, and the N+ polysilicon layer 129 thus functions 
as an emitte r conecting electrode. The fourth deposited 
oxide film 120 not only electrically isolates the P+ poly- 
silicon layer 115 from the Ni polysilicon layer 129, but 
also prevents out-diffusion of the impurity from the P+ 
polysilicon layer 115 into the N+ polysilicon layer 129. 
Also, the third deposited oxide film 117 electrically iso- 
lates the top surface of the P+ polysilicon layer 1 1 5 from 
the N+ polysilicon layer 129. Further, the outer surfaces 
of the N+ polysilicon layer 129 and the P+ polysilicon 


layer 1 1 5 are covered with a sidewall 1 23. 
[0038] Furthermore, a Ti silicide layer 124 is formed 
on the surfaces of the collector connecting layer 107. 
P+ polysilicon layer 115, and N+ polysilicon layer 129. 

5 [0039] The entire substrate is covered with an inter- 
layer insulator film 1 25, through which contact holes that 
respectively reach the Ti silicide layer 1 24 formed on the 
N+ collector connecting layer 107, P+ polysilicon layer 
115 as a part of the extrinsic base, and N+ polysilicon 

10 layer 129 functioning as the emitter connecting elec- 
trode are provided. Each contact hole is filled with a W 
plug 126 and is provided with a metal wiring 127 con- 
nected to the W plug 126 and extending over the inter- 
layer insulator film 125. ~=r^ 

15 [0040] FIGS. 2(a) and 2(b) are an enlarged partial rf 
cross section showing an emitter-base junction portion \y 
of FIG. 1, and a doping profile of boron along a cross 
section in the vicinity of the emitter-base junction, re- 
spectively. As shown in FIG. 2(a), the Si/Si 1 . x Ge x layer 

20 111 is formed by sequentially depositing an undoped 
SiGe spacer layer 151 with a thickness of approximately 
40 nm and with a Ge content of 15%, a graded SiGe 
base layer 1 52 including boron at a concentration of ap- 
proximately 4 x 10 18 atoms • cm* 3 with a thickness of 

25 approximately 40 nm and with a Ge content continuous- 
ly changing from 1 5% at the lower end to 0% at the upper 
end, and an Si-cap layer 153 partially doped with boron 
with a thickness of approximately 40 nm.The Si-cap lay- 
er 153 is provided with an N-type emitter diffusion layer 

30 153a formed by introducing phosphorous out-diffused 
from the N+ polysilicon layer 129 (emitter connecting 
electrode) at a high concentration at a region in contact 
with the N+ polysilicon layer 129. The emitter diffusion 
layer 153a is doped with phosphorous toward a depth 

35 direction of the substrate with a distribution ranging ap- 
proximately from 1 x 10 20 atoms • cm" 3 to 1 x 10 17 at- 
oms • cm 3 . 

[0041] Also, as shown in FIG. 2(b), the upper part of 
the Si-cap layer 153 is doped with boron at a concen- 

40 tration of approximately 1 x 10 18 atoms ■ cm* 3 and the 
lower part of the Si-cap layer 153 is doped with boron 
at a concentration of approximately 2 x 1 0 18 atoms • 
cm -3 by out-diffus ion from the graded SiGe base layer 
1 52. Meanwhile, the middle part of the Si-cap layer 1 53 

45 is hardly doped with_boron. Hence, a pn junction is 
formed between the emitter diffusion layer 1 53a and the 
peripheral layer 153b surrounding the same, and a de- 
pletion layer 154 is formed at a region extending from a 
first depletion layer end to a second depletion layer end 

50 by sandwiching the metallurgical pn junction interface 
in the pn junction region. A part of the depletion layer 
154 in close proximity to the second deposition oxide 
layer 1 1 2 is of a shape shifted toward the center in com- 
parison with the shape of the depletion layer 554 in the 

55 conventional HBT (see FIG. 1 2(a)). 

[0042] According to the SiGe-HBT of the present in- 
vention., as shown in FIG. 2(a), the upper part (a region 
underneath the second deposited oxide film 122) of the 
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Si-cap layer 153 is doped with boron at a high concen- 
tration, and the width of the depletion layer 154(a dis- 
tance from the first depletion layer edge to the second 
depletion layer edge) is narrowed particularly in the up- 
per part of the Si-cap layer 153. As a result, a quantity 
of carriers diffused and recombined within the depletion 
layer 154 is reduced, and so is the recombination cur- 
rent. 

[0043] FIG. 1 1 (b) is a view showing dependencies of 
a base current and a collector current on a base-emitter 
voltage (Gummel characteristics) of an HBT fabricated 
according to a third embodiment of the present inven- 
tion, which will be described below. In the drawing, the 
horizontal axis represents the base-emitter voltage (V), 
and the vertical axis represents the base current or col- 
lectorcurrent (A) (logarithmic scales). As is shown in the 
drawing, the parallel relation between the collector cur- 
rent characteristics curve and the base current charac- 
teristics curve is maintained in a relatively satisfactory 
manner along an extensive region from the low bias re- 
gion to the high bias region. In short, the drawing reveals 
that it is possible to obtain an HBT with a satisfactory 
linearity. 

[0044] Hence, according to the present invention, as 
shown in FIG. 2(a), by doping boron into the upper part 
of the Si-cap layer 1 53 at a relatively high concentration, 
it is possible to control an expansion of the depletion 
layer. As a result, it is assumed that a recombination cur- 
rent resulting from recombination of carriers within the 
depletion layer is controlled and hence the Gummel 
characteristics are improved, thereby making it possible 
to obtain an HBT with a satisfactory linearity. 
[0045] Also, there is a possibility that the density of 
the interface traps at the interface between the top end 
portion of the Si-cap layer 1 53 and the second deposited 
oxide film 112 is lowered of by doping boron, and such 
a lowered density of interface traps may possibly con- 
tribute to the improvement of the linearity of the HBT. 
The reason is as follows. That is, in a homo Si-type bi- 
polar transistor, it is relatively easy to lower the interface 
level between the second deposited oxide film 112 and 
the Si-cap layer 1 53 by annealing, which is a heat treat- 
ment at a relatively high temperature (for example, at 
approximately 900°C). However, it is difficult to apply 
such a high-temperature heat treatment to the 
SiGe-HBT, and therefore, it is ideal if the density of the 
interface traps can be lowered by doping boron. In ad- 
dition, by reducing a density at the interface traps, the 
recombination rate U in the above expression can be 
lowered, thereby making it possible to further reduce the 
recombination current. 

[0046] It should be appreciated that the thickness of 
each layer specified above is a typical value, and the 
thickness can be changed appropriately as needed de- 
pending on the kinds and purposes of the HBT. 
[0047] Next, the following description will describe 
embodiments of a fabrication method to realize the 
structure shown in FIG. 1 and FIG. 2(a). 


(First Embodiment) 

[0048] Initially, the following description will describe, 
with reference to FIGS. 3(a) through 6(b). a basic flow 
5 of the fabrication sequence of an HBT according to a 
first embodiment. 

[0049] Firstly, in the step shown in FIG. 3(a), an N- 
type retrograde well 101 with a depth of approximately 
1 urn is formed on the top portion of an Si substrate 1 00 

10 having a (001) plane by conducting epitaxial growth of 
an Si single crystal layer while doping an N-type impu- 
rity, or conducting high-energy ion implantation after the 
epitaxial growth. It should be appreciated, however, that 
the retrograde well 101 may be formed by conducting 

15 ion implantation at a part of the Si substrate 1 00 without 
the epitaxial growth. At this point, a region in the vicinity 
of the surface of the Si substrate 1 00 is arranged to have 
a concentration of the N-type impurity at approximately 
1 x 10 17 atoms ■ cm 3 , so that the area will serve as a 

20 collector layer of an HBT 

[0050] Then, for the isolation, provided are a shallow 
trench 103 filled with silicon oxide and a deep trench 
1 04 formed from an undoped polysilicon film 1 05 and a 
silicon dioxide film 106 surrounding the same. The 

25 trenches 103 and 104 have depths of approximately 
0.35 u.m and 2 pm, respectively. Here, a region in the Si 
substrate 100 sandwiched by the trenches 103 serves 
as a collector layer 102. Also, an N+ collector connect- 
ing layer 107 is provided in the Si substrate 100 at a 

30 region separated from the collector layer 102 by the 
shallow trench 1 03 for establishing a contact with a col- 
lector electrode. 

[0051] Thereafter, although it is not shown in the 
drawing, a gate insulator film, a gate electrode, source 
35 and drain regions, etc. forming a basic structure of each 
MISFET of a CMOS device are formed by a standard 
fabrication method. 

[0052] Then, in the step shown in FIG. 3(b), a first de- 
posited oxide film 1 08 with a thickness of approximately 

40 30 nm is formed on the wafer by chemical vapor depo- 
sition (CVD) at a treatment temperature of 680°C by us- 
ing tetraethoxysilane (TEOS) and oxygen, after which a 
collector opening portion 110 having a width wider than 
the width of an active region is formed through the first 

45 deposited oxide film 1 08 by means of wet etching using 
a hydrofluoric acid or the like. In other words, by forming 
the collector opening portion 110 so as to include the 
interface between the shallow trench 103 and the sur- 
face portion of the Si substrate 1 00, the width of the col- 

50 lector opening portion 1 1 0 is maintained wider than the 
width of the active region. The width of the collector 
opening portion 11 0 is substantially the same as the one 
in the conventional HBT. However, because an interval 
between the shallow trenches 103 is narrower than in 

55 the conventional HBT, the width of the collector opening 
portion 1 1 0 becomes wider than the width of the active 
region as a result. 

[0053] Then, a portion of the Si substrate 100 ex- 
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posed to the collector opening portion 1 1 0 is treated with 
a mixed liquid of ammonia solution and hydrogen per- 
oxide, so that a protector oxide film with a thickness of 
approximately 1 nm is formed on the treated portion, un- 
der which condition the wafer is introduced into a cham- 
ber of a UHV-CVD apparatus. Then, after the wafer is 
introduced, the protector oxide film is removed by heat 
treatment in a hydrogen atmosphere, after which the 
wafer is kept heated at 550°C, so that an Si Vx Ge x layer 
with a thickness of approximately 80 nm is grown 
through epitaxial growth on the surface of the Si sub- 
strate 1 00 exposed to the collector opening portion 1 1 0 
by the method specified in each of the embodiments de- 
scribed below by using a gas including disilane (Si 2 H 6 ), 
germane (GeH 4 ), diborane (B 2 H 6 ) for use of doping, etc. 
as occasion demands.. After the Si^Gex layer is 
formed, of gases supplied continuously into the cham- 
ber, by stopping a supply of germane and using dibo- 
rane as needed, an Si layer with a thickness of approx- 
imately 40 nm is grown through epitaxial growth on the 
Si^xGex layer. A Si/Si 1 _ x Ge x layer 111 is formed from 
the Si.,_ x Ge x layer and the Si layer thus grown. 
[0054] Then, in the step shown in FIG. 4(a) : a second 
deposited oxide film 112 with a film thickness of 30 nm, 
which will serve as an etch stopper, is formed on the 
wafer, after which the second deposited oxide film 112 
is patterned by means of dry etching by using a resist 
mask Rel provided on the second deposited oxide film 
112, whereby a base junction opening portion 114 is 
formed. At this point, the central portion of the Si/ 
Si^Gex layer 1 1 1 is covered with the second deposited 
oxide film, and the peripheral portion of the Si/Si^Ge* 
layer 111 and a part of the first deposited oxide film 108 
are exposed to the base junction opening portion 114. 
Then, ion implantation of a P-type impurity, such as bo- 
ron (B), is conducted by using the resist mask Rel also 
used in forming the base junction opening portion 114, 
whereby an extrinsic base implantation region Rii is 
formed across the surface portions of the Si/Si 1 . x Ge x 
layer 111 and the retrograde well 101. At this point, as 
a part of the extrinsic base implantation region Rii, a 
junction leakage preventing layer 113 is formed on the 
surface portion of the retrograde well 101 at a concen- 
tration of approximately 3 x 10 17 atoms • cm' 3 . 
[0055] Then, in the step shown in FIG. 4(b), a P+ poly- 
silicon layer 115 with a thickness of approximately 150 
nm doped at a high concentration of 1 X 10 20 atoms • 
env 3 or higher is deposited on the wafer by means of 
CVD, and subsequently, a third deposited oxide film 1 1 7 
with a thickness of approximately 100 nm is deposited. 
Then, the third deposited oxide film 11 7 and the P+ poly- 
silicon layer 115 arc patterned by means of dry etching, 
whereby a base opening portion 118 that reaches the 
second deposited oxide film 112 is formed through the 
third deposited oxide film 117 and P+ polysilicon layer 
1 1 5 at the center thereof. The base opening portion 1 1 8 
is smaller than the central portion of the second depos- 
ited oxide film 112. and therefore, it never happens that 


the base opening portion 1 1 8 extends beyond the base 
junction opening portion 114. By this step, an extrinsic 
base 1 1 6 is formed from the P+ polysilicon layer 1 1 5 and 
the Si/Si 1 . x Ge x layer 111 except for the central portion 
5 thereof. 

[0056] Then, in the step shown in FIG. 5(a), a depos- 
ited oxide film with a thickness of approximately 30 nm 
and a polysilicon film with a thickness of approximately 
1 50 nm are deposited entirely on the wafer by means of 

J0 CVD. Then, the etch back is applied to the deposited 
oxide film and the polysilicon film by means of aniso- 
tropic dry etching, whereby a sidewall 121 made of sili- 
con is formed on the side surfaces of the P+ polysilicon 
layer 1 1 5 and the third deposited oxide film 1 1 7 by sand- 

J5 wiching the fourth deposited oxide film 120 in between. 
Then, exposed portions of the second deposited oxide 
film 112 and the fourth deposited oxide film 120 are re- 
moved by means of wet etching using a hydrofluoric acid 
or the like. At this point, the Si layer on the top of the Si/ 

20 Si^Ge,, layer 111 is exposed to the base opening por- 
tion 1 1 8. Also, because the wet etching has isotropy, the 
second deposited oxide film 112 and the fourth depos- 
ited oxide film 120 are also etched away in the lateral 
direction, which increases the base opening portion 118 

25 in size. In other words, the base opening width is deter- 
mined by a quantity of wet etching applied at this point. 
At the time of this wet etching, even if an SiGe island 
111 is adhering to the first deposited oxide film 108, the 
surface of the Si substrate 100 is never exposed, be- 

30 cause the N+ collector connecting layer 1 07 or the like 
on the Si substrate 100 is covered with the P+ polysili- 
con layer 115. 

[0057] Then, in the step shown in FIG. 5(b), after an 
N+ polysilicon layer 129 with a thickness of approxi- 

35 mately 250 nm is deposited, the N+ polysilicon layer 1 29 
is patterned by means of dry etching, whereby an emit- 
ter connecting electrode is formed. At this point, the P+ 
polysilicon layer 1 1 5 is not patterned, and therefore, the 
sidewall made of polysilicon is not formed at the outside 

40 portions of P-f- polysilicon layer 1 1 5. In addition, because 
the surface of the N+ collector connecting layer 107 or 
the like is not etched away by over etching of the N-i- 
polysilicon layer 129, no irregular projections and de- 
pression are formed on the surface of the Si substrate 

45 too. 

[0058] Then, in the step shown in FIG. 6(a), the third 
deposited oxide film 117, P+ polysilicon layer 11 5 S and 
second deposited oxide film 112 are patterned by 
means of dry etching, whereby the shape of the extrinsic 

50 base 116 is determined. 

[0059] Then, in the step shown in FIG. 6(b), after a 
deposited oxide film with a thickness of approximately 
1 20 nm is formed on the wafer, a sidewall 1 23 is formed 
on the side surfaces of the N+- polysilicon layer 1 29 and 

55 the P+ polysilicon layer 115 by means of dry etching. 
The exposed portion of the first deposited oxide film 1 08 
is removed also by this dry etching (over etching), 
whereby the surfaces of the N+ polysilicon layer 129, 
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P+ polysilicon layer 115 ; and N + collector connecting 
layer 107 are exposed. 

[0060] Further, in order to obtain the structure shown 
in FIG. 1 , the following treatment is applied. That is. after 
a Ti film with a thickness of approximately 40 nm is de- 
posited on the wafer entirely by means of sputtering in 
the first place, a Ti silicide layer 124 is formed on the 
exposed surfaces of the N+ polysilicon layer 129, P+ 
polysilicon layer 115. and N+ collector connecting layer 
1 07 by RTA (Rapid Thermal Annealing) at 675°C for 30 
seconds. Then, after a nonreactive portion of the Ti film 
alone is selectively removed, annealing is carried so as 
to change the crystalline structure of the Ti silicide layer 
124. 

[0061 ] Then, an inter-layer insulator film 1 25 is formed 
on the wafer entirely, through which connection holes 
that respectively reach the Ti silicide layer 124 formed 
on the N+ polysilicon layer 1 29, P+ polysilicon layer 1 1 5, 
and N+ collecLor conecLing layer 107 are provided. 
Then, W plugs 1 26 are formed by filling each connection 
hole with a W film, after which an aluminum alloy film is 
deposited on the wafer entirely and patterned so as to 
be connected to each W plug 126, whereby metal wir- 
ings 127 extending over the intcr-laycr insulator film 1 25 
are formed. 

[0062] According to the steps described above, an 
HBT having the structure shown in FIG. 1 , that is, an 
HBT provided with a collector made of N-type Si, a base 
made of P-type Si.j. x Ge x , and an emitter made of N+ 
type Si is fabricated. The Si layer in the Si/Si 1 . x Ge x layer 
1 11 is made into an N+ type Si layer with a high-concen- 
tration N-type impurity (for example, phosphorous) out- 
diffused from the N+ polysilicon layer 129. 
[0063] Next, the following description will describe, 
with reference to FIGS. 7(a) and 7(b), the steps of form- 
ing the Si/Si-^Gex layer 111 , which is the characteristic 
of the present embodiment. FIGS. 7(a) and 7(b) are an 
enlarged partial cross section showing an emitter-base 
junction portion in the step shown in FIG. 3(b) during the 
fabrication sequence discussed above, and a doping 
profile of boron along the cross section, respectively. 
[0064] Initially, a portion of the Si substrate 100 ex- 
posed to the collector opening portion 1 1 0 is treated with 
a mixed liquid of ammonia solution and hydrogen per- 
oxide, so that a protector oxide film with a thickness of 
approximately 1 nm is formed on the treated portion, un- 
der which condition the wafer is introduced into a cham- 
ber of a UHV-CVD apparatus. After the wafer is intro- 
duced into the chamber, the protector oxide film is re- 
moved by heating the wafer at 850°C for two minutes in 
a vacuum atmosphere. Then, the temperature of the wa- 
fer is dropped to 550*C within the chamber, and disitanc 
(Si 2 H 6 ) and germane (GeH 4 ) are flown at flow rates of 
0.02 l/min. and 0.03 l/min. : respectively, and at a pres- 
sure of approximately 0.067 Pa : which condition is main- 
tained for two minutes and forty seconds, whereby an 
undoped SiGe spacer layer 1 51 with a thickness of ap- 
proximately 40 nm is formed on the wafer. At this point, 


the growing rate of the SiGe spacer layer 1 51 is approx- 
imately 15 nm/min. 

[0065] Subsequently. hydrogen-diluted diborane 
(B 2 H 6 ) with a concentration of 5% is introduced into the 
5 chamber at a flow rate of 4 seem while maintaining the 
temperature, pressure, and the flow rate of disilane 
(Si 2 H 6 ) inside the chamber intact. Then, by continuously 
changing a flow rate of germane (GeH 4 ) from 0.03 l/min. 
to 0 l/min. over four minutes, a graded SiGe base layer 
10 1 52 with a thickness of approximately 40 nm and with a 
Ge content x in the mixed crystals Si 10( Ge x changing 
from 15% to 0% is grown through epitaxial growth. At 
this point, an average growing rate of the graded SiGe 
base layer 1 52 is approximately 1 0 nm/min . with a con- 
's centration of boron at approximately 4 x 10 18 atoms • 
cm* 3 . 

[0066] Then, a supply of hydrogen-diluted diborane 
(B 2 H 6 ) is stopped without flowing germane (GeH 4 ) while 
maintaining the temperature, pressure, and the flow rale 

20 of disilane (Si 2 H 6 ) inside the chamber intact, which con- 
dition is maintained for 15 minutes, whereby an un- 
doped Si layer 161 with a thickness of 30 nm is grown 
through epitaxial growth. At this point, a growing rate of 
the undoped Si layer 161 is approximately 2 nm/min. 

25 [0067] Then, hydrogen-diluted diborane (B 2 H 6 ) with a 
concentration of 5% is flown into the chamber again at 
a flow rate of 0.001 l/min., which condition is maintained 
for five minutes, whereby a doped Si layer 162 with a 
thickness of approximately 1 0 nm is grown through epi- 

30 taxial growth. At this point, a growing rate of the doped 
Si layer 162 is approximately 2 nm/min. with a concen- 
tration of boron at 1 x 10 18 atoms • cm -3 . 
[0068] When the steps described above are complet- 
ed, the Si-cap layer 153 is formed from the undoped Si 

35 layer 161 and the doped Si layer 162. Also, the Si/ 
Si 1 . x Ge x layer 111 is formed from the SiGe spacer layer 
1 51 , graded SiGe base layer 1 52, and Si-cap layer 1 53. 
[0069] FIG. 7(b) shows a doping profile of boron im- 
mediately after the formation of the Si/Si.|_ x Ge x layer 111 

^0 and before the heat treatment. Under these conditions, 
the doping profile is extremely abrupt with high-concen- 
tration boron being present only in the graded SiGe base 
layer 152 and in the doped Si layer 162 of the Si-cap 
layer 153. 

45 [0070] Then, by applying heat treatment in each step 
in the sequence thereafter, boron doped into the graded 
SiGe base layer 1 52 and inLo the doped Si layer 1 62 of 
the Si-cap layer 153 is out-diffused, and eventually a 
doping profile of boron as shown in FIG. 2(b) is shaped. 

50 [0071] The present embodiment is characterized in 
that boron is doped when the Si-cap layer is formed, that 
is, CVD is conducted by in-situ doping. Thus, according 
to the present embodiment, by conducting in-situ dop- 
ing, it is possible to control a concentration of boron 

55 doped in the upper part of the Si-cap layer 153 at a rel- 
atively high accuracy. 


10 


BNSDOCID: <EP 1263052A2 1 > 


17 EP12 

(Second Embodiment) 

[0072] In the present embodiment, the basic flow of 
the fabrication sequence of an HBT is the same as de- 
scribed in the first embodiment with reference to FIGS. 
2(a) through 6(b). 

[0073] The present embodiment is characterized in 
that the step shown in FIG. 4(a) is carried on as de- 
scribed below. FIGS. 8(a) and 8(b) are an enlarged par- 
tial cross section showing an emitter-base junction in the 
step shown in FIG. 4(a) during the fabrication sequence 
discussed above, and a doping profile of boron along 
the cross section . respectively. 

[0074] In the present embodiment, the treatment is 
applied in the same manner as was discussed in the first 
embodiment, whereby formed on the collector layer 1 02 
are an undoped SiGe spacer layer 151 with a thickness 
of approximately 40 nm and a graded SiGe base layer 
1 52 including boron at a concentration of approximately 
4 ■< 10 18 atoms • cm* 3 with a thickness of approximately 
40 nm. 

[0075] Then, a supply of hydrogen-diluted diborane 
(B 2 H 6 ) is stopped without flowing germane (GeH 4 ) while 
maintaining the temperature, pressure, and the flow rate 
of disilane (Si 2 H 6 ) inside the chamber intact since the 
formation of the graded SiGe base layer 1 52, which con- 
dition is maintained for 20 minutes, whereby an Si-cap 
layer 153 with a thickness of approximately 40 nm is 
grown through epitaxial growth. 

[0076] Then, instead of the second deposited oxide 
film 1 1 2 in the first embodiment, a second deposited ox- 
ide film 171 formed from a boron-doped silicon dioxide 
film (BSG film) is deposited on the Si-cap layer 153. At 
this point, the temperature of the wafer is raised to 
400°C in the chamber of an AP-CVD apparatus, and un- 
der atmospheric pressure, tetraethoxysilane (TEOS) is 
flown at a flow rate of 1 .5 l/min., triethoxyborane (TEB) 
is flown at a flow rate of 1 .5 l/min., 0 2 including ozone 
at a concentration of 85 g/Nm 3 is flown at a flow rate of 
7.5 l/min., and N 2 is flown at a flow rate of 18.0 l/min., 
which condition is maintained for 15 seconds, whereby 
the second deposited oxide film 171 containing 3 wt% 
of boron with a thickness of approximately of 30 nm is 
formed. 

[0077] FIG. 8(b) is a view showing a doping profile of 
boron along the longitudinal cross section at this point. 
Under these conditions, boron is not doped in the Si-cap 
layer 1 53. However, boron is out-diffused into the upper 
part of the Si-cap layer 153 from the second deposited 
oxide film 1 71 by heat treatments in the sequence there- 
after, and eventually the doping profile of boron as 
shown in FIG. 2(a) is shaped. 

[0078] Then, after a base junction opening portion 114 
is formed through the second deposited oxide film 1 71 
in the same manner as was in the step shown in FIG. 4 
(a), the steps shown in FIGS. 4(b) through 6(b) are car- 
ried on, whereby an HBT having the structure shown in 
FIG. 1 is obtained. 
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[0079] It is needless to say thai a PSG film is used as 
the second deposited oxide film 171 for a PNP bipolar 
transistor. 

[0080] According to the present embodiment, it is pos- 
5 sible to dope boron into the Si-cap layer 153 with rela- 
tively simple steps. In particular, the present embodi- 
ment is assumed to have a good possibility of lowering 
the interface traps between the top end portion of the 
Si-cap layer 153 and the second deposited oxide film 
10 112. 

(Third Embodiment) 

[0081] In the present embodiment, the basic flow of 
'5 the fabrication sequence of an HBT is the same as de- 
scribed in the first embodiment with reference to FIGS. 
2(a) through 6(b). 

[0082] The present embodiment is characterized in 
that the steps shown in FIGS. 4(a) and 4(b) are conducl- 

20 ed as described below. FIGS. 9(a) and 9(b) are an en- 
larged partial cross section showing an emitter-base 
junction in the steps shown in FIGS. 4(a) and 4(b) during 
the fabrication sequence discussed above, and a dop- 
ing profile of boron along the cross section, respectively. 

25 [0083] In the present embodiment, the treatment is 
applied in the same manner as was discussed in the first 
embodiment, whereby formed on the collector layer 1 02 
are an undoped SiGe spacer layer 151 with a thickness 
of approximately 40 nm and a graded SiGe base layer 

30 1 52 including boron at a concentration of approximately 
4 x 1 0 18 atoms • crrr 3 with a thickness of approximately 
40 nm. 

[0084] Then, a supply of hydrogen-diluted diborane 
(B 2 H 6 ) is stopped without flowing germane (GeH 4 ) while 

35 maintaining the temperature, pressure, and the flow rate 
of disilane (Si 2 H 6 ) inside the chamber intact since the 
formation of the graded SiGe base layer 1 52, which con- 
dition is maintained for 20 minutes, whereby an Si-cap 
layer 153 with a thickness of approximately 40 nm is 

40 grown through epitaxial growth. 

[0085] Then, the treatment is applied in substantially 
the same manner as was in the first embodiment, so 
that a second deposited oxide film 112 that will serve as 
an etch stopper is formed on the wafer. At this point, the 

■*5 thickness of the second deposited oxide film 112 is 10 
nm in the present embodiment. 

[0086] Then, by applying the treatment described in 
the first embodiment, a base junction opening portion 
114 is formed through the second deposited oxide film 

50 112 by patterning the same, and ion implantation of bo- 
ron (B) is conducted by using a resist mask also used 
in forming the base junction opening portion 114. 
[0087] Then, as was described in the step shown in 
FIG. 4(b), a P+ polysilicon layer 115 with a thickness of 

55 approximately 150 nm is deposited on the wafer by 
means of CVD. However, a concentration of boron in 
the P+ polysilicon layer 115 is 2 X 10 20 atoms • crrr 3 or 
higher in the present embodiment. This is because with 
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the above specif ied concentration of boron, after an un- 
doped silicon film is deposited, it is possible to conduct 
ion implantation of boron into the polysilicon film under 
the conditions: an accelerating voltage of approximately 
8 keV and a dosage of approximately 5 < 10 15 atoms s 
• cm* 2 . It should be noted, however that in-situ doping 
may be conducted while the polysilicon film is deposited. 
Subsequently, by applying the treatment in the same 
manner as was in thefirst embodiment, a third deposited 
oxide film 117 (see FIG. 4(b)) is deposited, and a base 
opening portion 11 8 is provided through the third depos- 
ited oxide film 117 and the P+ polysilicon layer 115 by 
patterning the same, Then, an extrinsic base 116 (see 
FIG. 4(b)) is formed from the P+ polysilicon layer 115 
and the Si/Si.,_ x Ge x layer 111 except for the central por- 
tion thereof. 

[0088] FIG. 9(b) is a view showing a doping profile of 
boron along the longitudinal cross section at this point. 
Under these conditions, boron is not doped in the Si-cap 
layer 153, and high-concentration boron is doped in the 
P+ polysilicon layer 11 5 (a part of the extrinsic base layer 
1 1 6) alone, which is separated from the Si-cap layer 1 53 
by the second deposited oxide film 1 1 2. However, boron 
in the Pi polysilicon layer 115 is out-diffused into the 
upper part of the Si-cap layer 153 by passing through 
the second deposited oxide film 112 by heat treatments 
in the sequence thereafter, and eventually the doping 
profile of boron as shown in FIG. 2(a) is shaped. 
[0089] Then, by conducting the steps shown in FIGS. 
5(a) through 6(b), an HBT having the structure shown 
in FIG. 1 is obtained. 

[0090] According to the present embodiment, it is ar- 
ranged in such a manner that boron is doped into the 
upper part of the Si-cap layer 153 from the P+ polysilicon 
layer 115 after the base opening portion 11 8 is formed. 
Hence, it is possible to introduce boron into the Si-cap 
layer 1 53 only at a region except for the emitter diffusion 
layer 153a, which is a region directly below the base 
opening portion 118, thereby making it unnecessary to 
concern a concentration relation between boron and 
phosphorus doped into the emitter diffusion layer 153a. 
Hence, the present embodiment is advantageous in that 
a concentration of boron at the upper part of the Si-cap 
layer 153 can be adjusted to an optimal concentration. 

(Other Embodiments) 

[0091] The embodiments above described cases 
where the present invention is applied to a double-poly- 
silicon type HBT. It should be appreciated, however, that 
the present invention is not limited to the embodiments 
above, and the first and second embodiments can be 
applied to a single-polysilicon type HBT as well. In such 
a case, the N+ polysilicon layer 115 is omitted, and the 
Si/Si^Ge,^ layer 111 is arranged so as to extend over 
the first deposited oxide film 108, while the second de- 
posited oxide film 112 is removed except for a portion 
surrounding the base opening portion 11 8. At this point, 


a portion of the Si/Si-,. x Ge x layer 1 1-1 positioned on the 
first deposited oxide film 108 has a polycrystalline struc- 
ture instead of a single crystalline structure. However 
because this portion functions as the extrinsic base, it 

5 only has to function merely as a resistor. Therefore, the 
crystalline structure does not cause any inconvenience 
in the operation and the characteristics of the HBT 
[0092] According to the method in each of the embod- 
iments above, as shown in FIG. 2(b), boron is doped 

10 into the bottom part of the Si-cap layer 153 also by dif- 
fusion. However, boron may be doped by in-situ doping 
at the bottom part of the Si-cap layer 153 in each of the 
embodiments above. 

[0093] Also, each of the embodiments above de- 
'5 scribed the NPN type HBT as an example. It is needless 
to say, however, that the present invention is also appli- 
cable to a PNP type HBT. In such a case, the conductive 
type of each component in the HBT, and the conductive 
type of impurities doped into each component in the 
20 HBT are revered from those specified in each of the em- 
bodiments above. 

[0094] In addition, it is possible to obtain a so-called 
BiCMOS device by fabricating the SiGe-HBT of the 
present invention and an Si-CMOSFET on a common 

25 Si substrate. 

[0095] The SiGe spacer layer and the graded SiGe 
base layer used in each of the embodiments above may 
be replaced with an SiGeC spacer layer and a graded 
SiGeC base layer. 

30 [0096] In the first through third embodiments, the Si/ 
Si^Gex layer 111 may extend over the first deposited 
oxide film 108. 


(Modified example of the Structure) 

35 

[0097] In the structure shown in FIG. 1 , the base layer 
is formed from an Si 1 _ x Ge x layer (0 < x < 1). However, 
the base layer may be formed from an Si-, - x . y Ge x C y layer 
(0 < x, y < 1), or an Si^yCy layer (0"< y < 1) instead of 

40 the Si 1 _ x Ge x layer. Alternatively, at least one of the emit- 
ter and collector is formed from the Si^Gex layer, 
Si.,_ x . y Ge x C y layer, or Si^yCy layer. 
[0098] FIG. 13 is a cross section of a hetero bipolar 
transistor (HBT) according to a modified example, in 

45 which the Si 1o( Ge x layer is replaced with the Si 1 . x . y Ge x - 
C y layer in the basic structure. The structure of the HBT 
according to this modified example is almost the same 
as the structure of the HBT shown in FIG. 1 except for 
the following. 

so [0099] A Si/Si 1 . x . y Ge x C y layer 211 formed by depos- 
iting an Si-,. x . y Ge x C y layer doped with a P-type impurity 
with a thickness of approximately 80 nm and an Si film 
with a thickness of approximately 40 nm is provided to 
the top surface of the Si substrate 100 at a portion ex- 

55 posed to the collector opening portion 110. The Si/ 
Sii- x -y Ge xCy layer 211 is formed by selective growth on 
the Si substrate 100 only at the portion exposed to the 
collector opening portion 110. Then, the bottom portion 
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at the center of the Si/Si^.yGe^.Cy layer 211 (a region 
below a base opening portion 118, which will be de- 
scribed below) functions as an intrinsic base 219. On 
the other hand, the top portion at the center of the Si/ 
Si Vx . y Ge x C y layer 211 functions as an emitter layer. In 5 
regard to a more detailed structure of the Si/Si Ux ^Ge K C v 
layer 211, the impurity profile described in the first 

through third embodiments is applicable. An extrinsic 

base implantation regioryP fiTi^ formed b y ion im planta- _ 
tion oT boron across the^surface portions of the Si/ 10 
S i 1 _ x ; y G i e x Cy lay e r "2*1*1 "aTidlihe retrograde we I1 1*01 . Also, 
a second deposited oxide film 112 with a thickness of 
approximately 30 nm to serve as an etch stopper is pro- 
vided on the Si/Si^ x . y Ge x C y layer 211 and the first de- 
posited oxide film 108, and the second deposited oxide 
film 11 2 is provided with a base junction opening portion 
1 1 4 and a base opening portion 1 1 8. Provided next are 
a P+ polysilicon layer 115 with a thickness of approxi- 
mately 1 50 nm thai fills in the base junction opening por- 
tion 114 and extends over the second deposited oxide 
film 112, and a third deposited oxide film 117. An extrin- 
sic base layer 216 is formed from the Si/Si 1 . x . y Ge x C y 
layer 211 except for a region below the base opening 
portion 118 and the Pi polysilicon layer 115. 
[0100] The other members shown in FIG. 13 are the 
same as those used in the structure shown in FIG. 1, 
and a description of these members is omitted by labe- 
ling like reference numerals with respect to FIG. 1. In 
the fabrication sequence, the Si 1 . x . y Ge x C y layer is 
grown through epitaxial growth instead of the Si 1 . x Ge x 
layer grown through epitaxial growth in the first through 
third embodiments. 


Industrial Applicability 

[0101] The semiconductor device of the present in- 
vention is used as a device, such as a bipolar transistor 
incorporated into an electronic device, and in particular, 
as a device handling a high frequency signal. 
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an opening portion formed through said insula- 
tor film to reach said third semiconductor layer; 
and 

an emitter connecting electrode made of a con- 
ductor material and brought into contact with 
said third semiconductor layer by filling said 
opening portion in said insulator film, 

wherein said third semiconductor layer in- 
cludes an emitter diffusion layer of the first conduc- 
tive type positioned below said opening portion, and 
a peripheral layer including the impurity of the sec- 
ond conductive type at least in an upper part thereof 
at a region located at a side of said emitter diffusion 
layer. 

2. The bipolar transistor according to claim 1 , wherein: 

said insulator film is formed from a silicon diox- 
ide film doped with the impurity of the second 
conductive type; and 

the impurity of the second conductive type in- 
cluded in at least a part of the top portion of said 
third semiconductor layer is the impurity of the 
second conductive type out-diffused from said 
insulator film. 

3. The bipolar transistor according to claim 1 . further 
comprising: 

a polysilicon film, doped with the impurity of the 
second conductive type and provided so as to 
contact said third semiconductor layer at a por- 
tion located outside of said underlying insulator 
film and to extend over said insulator film, for 
functioning as a base connecting electrode, 

wherein the impurity of the second conductive 
type included in at least a part of the top portion of 
said third semiconductor layer is the impurity of the 
second conductive type out-diffused from said poly- 
silicon film by passing through said insulator film. 


45 
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1 . A bipolar transistor, comprising: 4. 

a first semiconductor layer to be a collector lay- 
er formed on a substrate and including an im- 
purity of a first conductive type; 
a second semiconductor layer to be a base lay- 
er formed on said first semiconductor layer and 
including an impurity of a second conductive 5. 
type; 

a third semiconductor layer formed on said sec- 
ond semiconductor layer from a material having 
a bandgap different from a bandgap of said sec- 55 
ond semiconductor layer; 
an insulator film provided on said third semicon- 
ductor layer; 


The bipolar transistor according to any one of 
claims 1 through 3, wherein the impurity of the first 
conductive type in the emitter diffusion layer of said 
third semiconductor layer is the impurity of the first 
conductive type out-diffused from said emitter con- 
necting electrode. 

The bipolar transistor according to any one of 
claims 1 through 4, wherein: 

said substrate is a silicon substrate; 

said first semiconductor layer is an Si layer; 

said second semiconductor layer is an SiGe 

layer or an SiGeC layer; and 

said third semiconductor layer is an Si layer. 
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5. A fabrication method of a bipolar transistor com- 
prising: 

a step (a) of forming a second semiconductor 
layer to be a base layer including a second con- 
ductive type impurity on a first semiconductor 
layer that is formed on a substrate to be a col- 
lector layer including a first conductive type im- 
purity; 

a step (b) of forming, on said second semicon- 
ductor layer, a third semiconductor layer in- 
cluding the second conductive type impurity at 
least at an upper part thereof, through epitaxial 
growth from a material having a bandgap dif- 
ferent from a bandgap of said second semicon- 
ductor layer; 

a step (c) of depositing an insulator film on said 
substrate after said step (b); 
a sLep (d) of forming an opening portion through 
said insulator film to reach said third semicon- 
ductor layer; and 

a step (e) of forming an emitter diffusion layer 
in said third semiconductor layer at a region po- 
sitioned below said opening portion by intro- 
ducing the first conductive type impurity. 

7. A fabrication method of a bipolar transistor, com- 
prising: 

a step (a) of forming a second semiconductor 
layer to be a base layer including a second con- 
ductive type impurity on a first semiconductor 
layer that is formed on a substrate to be a col- 
lector layer including a first conductive type im- 
purity; 

a step (b) of forming, on said second semicon- 
ductor layer, a third semiconductor layer 
through epitaxial growth from a material having 
a bandgap different from a bandgap of said sec- 
ond semiconductor layer; 
a step (c) of depositing an insulator film includ- 
ing the second conductive type impurity on said 
substrate after said step (b); 
a step (d) of forming an opening portion through 
said insulator film to reach said third semicon- 
ductor layer; and 

a step (e) of forming an emitter diffusion layer 
in said third semiconductor layer at a region po- 
sitioned below said opening portion by intro- 
ducing the first conductive type impurity, 
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a step (a) of forming a second semiconductor 
layer to be a base layer including a second con- 
ductive type impurity on a first semiconductor 
layer that is formed on a substrate to be a col- 
lector layer including a first conductive type im- 
purity; 

a step (b) of forming, on said second semicon- 
ductor layer, a third semiconductor layer 
through epitaxial growth from a material having 
a bandgap different from a bandgap of said sec- 
ond semiconductor layer; 
a step (c) of depositing an insulator film on said 
substrate after said step (b); 
a step (d) of depositing a conductor film includ- 
ing the second conductive type impurity on said 
substrate and forming an opening portion 
through said conductor film to reach said insu- 
lator film; 

a step (e) of forming a sidewall made of an in- 
sulating material for covering a side surface of 
the opening portion in said first conductor film; 
a step (f) of forming an opening portion through 
said insulator film to reach said third semicon- 
ductor layer after said step (c); and 
a step (g) of forming an emitter diffusion layer 
in said third semiconductor layer at a region lo- 
cated below the opening portion by introducing 
the first conductive type impurity, 

wherein the second conductive type impurity 
is doped into an upper part of said third semicon- 
ductor layer from said conductor film by passing 
through said insulator film by treatments after said 
step (d). 

The fabrication method of a bipolar transistor ac- 
cording to claim 8, further comprising; 

a step of depositing, on said substrate, another 
conductor film different from said conductor 
film, and then patterning said another conduc- 
tor film to form an emitter connecting electrode 
including the first conductive type impurity in 
such a manner so as to fill in the opening portion 
in said insulator film and to extend over said in- 
sulator film : said step following said step (f) and 
preceding said step (g). 


50 


wherein the second conductive type impurity 
is doped into a top portion of said third semiconduc- 
tor layer from said insulator film by treatments after 
said step (c). 55 


8. A fabrication method of a bipolar transistor, com- 
prising: 


14 


BNSDOCID <EP 1263052A2 I > 



EP 1 263 052 A2 


FIG. 1 


119 120 127 


104- 



BNSOOCID: <6P 1263052A2 t > 


15 


EP 1 263 052 A2 


FIG. 2(a) 
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FIG. 7(a) 
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